INTRODUCTION
============

*B-cell CLL/lymphoma 2* (*BCL2*) encodes an integral outer mitochondrial membrane protein that blocks the apoptotic death of some cells such as lymphocytes, and it is located on chromosome 18q21.3 and has 6 exons \[[@B1]\]. The BCL2 protein, encoded by the *BCL2* gene, is the founding member of the BCL2 family of regulator proteins that regulate cell death (apoptosis), by either inducing (proapoptotic) or inhibiting (antiapoptotic) apoptosis. BCL2 is the key antiapoptotic protein and its gene is thus classified as an oncogene in general \[[@B2]\]. Although *BCL2* was originally found in human follicular B cell lymphoma carrying the chromosomal translocation t(14,18) \[[@B3]\], researchers have also reported its roles in other cancers such as leukemia, breast cancer, lung cancer, prostate cancer, gastric cancer, and pancreatic cancer, among others \[[@B4][@B5][@B6][@B7][@B8]\].

Reports describing the prognostic role of BCL2 in patients with breast cancer have been published since 1994 \[[@B9][@B10][@B11]\]. Callagy et al. \[[@B12]\] reported that BCL2 is an independent predictor of favorable outcomes in breast cancer, particularly in the first 5 years after diagnosis. Berardo et al. \[[@B13]\] reported that high BCL2 expression is associated with a number of good prognostic factors and is independently associated with a better clinical outcome for patients with lymph node-positive breast carcinoma. Ali et al. \[[@B14]\] reported that a high Ki-67/BCL2 index is significantly associated with a decreasing likelihood of breast cancer-specific survival (BCSS) in estrogen receptor (ER)-positive breast cancer. Several meta-analyses have shown that BCL2 is an independent favorable prognostic marker in breast cancer \[[@B15][@B16]\]. Although inconsistent results have been reported, BCL2 has been considered a favorable prognostic factor in breast cancer. Previously, we also reported that BCL2 was a powerful independent prognostic factor in breast cancer and that favorable clinicopathologic features and a strong correlation with the hormonal receptor (HR) were suggested as the causes of superior survival in patients with BCL2-positive breast cancer \[[@B17]\].

Currently, molecular subtypes of breast cancer are widely accepted in clinical practice. Molecular subtypes are classified according to the expression of HR and human epidermal growth factor receptor 2 (HER2) by the National Comprehensive Cancer Network (NCCN) guidelines. According to the St. Gallen guidelines, additional factors are involved to classify molecular subtypes besides HR and HER2, including mainly Ki-67 and histologic grade. Compared to unselected breast cancer, the prognostic influence of BCL2 on molecular subtypes of breast cancer has rarely been reported, but the results have been inconsistent and remain controversial. Moreover, the reported results regarding the prognostic role of BCL2 in triple negative breast cancer (TNBC) have been contradictory.

Although the majority of recent studies have reported the favorable prognostic role of BCL2 in unselected breast cancer, its role in molecular subtypes of breast cancer including TNBC has rarely been reported and the results remain controversial. In the present study, we aimed to investigate the prognostic influence of BCL2 on molecular subtypes of breast cancer.

METHODS
=======

Patients
--------

Patients with breast cancer from Seoul National University Boramae Medical Center and Seoul National University Hospital were participants in this study. Initially, the total number of patients was 19,127, and the final number of subjects was 9,468 following the exclusion of 9,659 patients. The following patients were excluded from the study: 2,361 patients with no survival data, 296 patients with metastases at initial diagnosis, 1,884 patients diagnosed with carcinoma *in situ*, 160 patients diagnosed with malignant phyllodes tumor, 1,266 patients who had received neoadjuvant chemotherapy, 1,638 patients without information regarding BCL2, 64 patients less than 20 or more than 80 years of age, 32 male patients, and 1,958 patients with insufficient data for analysis. Study subjects underwent operations for primary breast cancer between July 1, 1994 and June 26, 2015. This study was approved by the Institutional Review Board (IRB) of Seoul National University Boramae Medical Center and Seoul National University Hospital (26-2015-107).

Definitions of clinicopathologic parameters
-------------------------------------------

Patients\' ages were defined as the age at the time of diagnosis of primary breast cancer. The TNM staging was determined according to the seventh edition of the American Joint Committee on Cancer. HR status was defined as positive when immunohistochemistry test results for either the ER or progesterone receptor (PR) were positive, and defined as negative when both tests results were negative. HER2 expression was defined as negative when the immunohistochemistry results were negative or 1+, and defined as positive when the results were 3+. When the results were 2+, we defined the positivity of HER2 according to the results of the fluorescence *in situ* hybridization. We followed the American Society of Clinical Oncology/College of American Pathologists guideline recommendations for immunohistochemical testing of ER, PR, and HER2 \[[@B18][@B19]\]. Histologic grade was defined according to the modified Scarff-Bloom-Richardson grading system. BCL2 was defined as negative when the results of immunohistochemical stains were positive in less than 10% of observed tumor cells and the intensity of staining was weak or lower. Otherwise, BCL2 was defined as positive. A detailed description of the definition of BCL2 positivity was provided in our previous report \[[@B17]\]. All operations with curative intent for patients with breast cancer were classified into either breast conserving surgery or total mastectomy according to the extent of surgery for the breast tissue.

Definition of molecular subtypes according to guidelines
--------------------------------------------------------

In the NCCN classification, breast cancers are categorized into four subtypes according to HR and HER2 positivity: HR(+)/HER2(--); HR(+)/HER2(+); HR(--)/HER2(+); and HR(--)/HER2(--) \[[@B20]\]. According to the St. Gallen classification, breast cancers are categorized into five subtypes: luminal A (high ER/PR, HER2 negative, Ki-67 \<14%, T1/2, and N0/1); luminal B/HER2 negative (low ER/PR, HER2 negative, Ki-67 ≥20%, N2/3, T3, histologic grade 3, and extensive lymphovascular invasion); luminal B/HER2 positive (HR positive and HER2 positive); HER2 (HR negative and HER2 positive); and triple negative (TN; HR negative and HER2 negative) \[[@B21][@B22][@B23]\].

Statistical analyses
--------------------

Data were presented as frequency and percentage for categorical variables. Pearson chi-square test was used to determine differences in clinicopathologic characteristics between pairs of groups. The Kaplan-Meier method was used for estimation of survival rates, and the log-rank test was used to determine the significance of differences between two or more survival curves. The Cox proportional hazards model was used for univariate and multivariate analysis, and the hazard ratio was calculated according to the cutoff value of a 95% confidence interval (CI). The time durations of overall survival (OS) and BCSS were defined as the time from operation to death from any cause and death from breast cancer, respectively. All statistical analyses were performed using IBM SPSS Statistics version 20.0 (IBM Corp., Armonk, USA). All tests were two-sided and we regarded the results of statistical analyses as significant when the *p*-value was less than 0.05.

RESULTS
=======

Clinicopathologic characteristics according to BCL2 expression in molecular subtypes of breast cancer
-----------------------------------------------------------------------------------------------------

The mean follow-up period was 70.47±52.16 months (range, 0--227 months) and the mean age was 49.78±10.29 years (range, 20--80 years) in the total study population of 9,468 patients. BCL2 expression was positive in 6,797 patients (71.8%) and negative in 2,671 patients (28.2%). Patients with positive BCL2 expression showed overall higher rates of the following clinicopathologic features: age less than 50 years, small tumor size (less than 2 cm), early stage (stage I), positive HR, positive ER, positive PR, negative HER2, high histologic grade (histologic grade 3), negative lymphovascular invasion, low Ki-67 index (less than 14%), and breast-conserving surgery, but not nodal positivity ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, available online). According to the NCCN classification, the number of patients classified into each subtype were 4,998 (52.8%), 899 (9.5%), 847 (8.9%), and 1,501 (15.9%) for HR(+)/HER2(--), HR(+)/HER2(+), HR(--)/HER2(+), and HR(--)/HER2(--), respectively. Within HR(+)/HER2(--) subtype, the BCL2-positive group showed higher rates of small tumor size, negative node involvement, early stage, positive ER, positive PR, low histologic grade, negative lymphovascular invasion, low Ki-67 index, and breast conserving surgery, but no difference in age at diagnosis. In HR(+)/HER2(+) and HR(−)/HER2(+) subtypes, no differences were found between the positive and negative BCL2 groups except for PR and histologic grade, respectively. In HR(−)/HER2(−) subtype, the BCL2-positive group showed higher rates of patients with age less than 50 years, low Ki-67 index, and breast conserving surgery ([Table 1](#T1){ref-type="table"}). BCL2 positive rates for molecular subtypes according to the NCCN and St. Gallen classifications are described in [Table 2](#T2){ref-type="table"}. According to the NCCN classification, the proportions of positive BCL2 expression for each subtype were 88.8%, 76.4%, 18.3%, and 39.8% in HR(+)/HER2(−), HR(+)/HER2(+), HR(−)/HER2(+), and HR(−)/HER2(−), respectively.

Prognostic influence of BCL2 on molecular subtypes of breast cancer
-------------------------------------------------------------------

BCL2 was a significant prognostic factor in all patients with breast cancer in terms of both OS and BCSS (log-rank test, both *p*\<0.001) ([Supplementary Figure 1](#S4){ref-type="supplementary-material"}, available online). In subgroup analyses, BCL2 was also a significant prognosticator in all subgroups with the exception of the subgroup with negative lymphovascular invasion in terms of both OS and BCSS ([Supplementary Table 2](#S2){ref-type="supplementary-material"}, available online). The Cox proportional hazards model showed that BCL2 was a significant prognostic factor not only in univariate analysis but also in multivariate analysis in terms of both OS (hazard ratio, 0.589; 95% CI, 0.494--0.702; *p*\<0.001) and BCSS (hazard ratio, 0.253; 95% CI, 0.179--0.358; *p*\<0.001) ([Supplementary Table 3](#S3){ref-type="supplementary-material"}, available online). Regarding NCCN classification, BCL2 was a powerful prognostic factor in the HR(+)/HER2(−) subtype (log-rank test, *p*\<0.001) but its prognostic influence was marginally significant in the HR(+)/HER2(+) subtype (log-rank test, *p*=0.046) in terms of OS. BCL2 was not a significant prognosticator in HR(−)/HER2(+) and HR(−)/HER2(−) subtypes ([Figure 1](#F1){ref-type="fig"}). Regarding the St. Gallen classification, BCL2 was a significant prognostic factor in luminal A and luminal B/HER2(−) subtypes and the unknown group (log-rank test, all *p*\<0.001). BCL2 was marginally significant in luminal B/HER2(+) subtype, and not a significant prognosticator in HER2 or TN subtypes ([Supplementary Figure 2](#S5){ref-type="supplementary-material"}, available online). BCL2 was also not a significant prognosticator in epidermal growth factor receptor positive (EGFR\[+\]) TNBC, and EGFR(−) TNBC ([Supplementary Figure 3](#S6){ref-type="supplementary-material"}, available online). As the NCCN and St. Gallen classification largely determine categories according to HR, HER2, and Ki-67, we analyzed the prognostic effect of BCL2 according to these factors. BCL2 had a more powerful effect in the HR(+), HER2(−), and Ki-67 low groups ([Figure 2](#F2){ref-type="fig"}).

Prognostic influence of BCL2 according to stage of breast cancer
----------------------------------------------------------------

We found that the prognostic influence of BCL2 was associated with the stage of breast cancer; the prognostic effect of BCL2 increased as the stage of breast cancer advanced ([Figure 3](#F3){ref-type="fig"}). We further analyzed the relationship between molecular subtypes and stages according to NCCN classification. In the HR(+)/HER2(−) subtype, although BCL2 was not a significant prognosticator in stage I, it was a significant prognosticator in stage II, and it was more significant in stage III. In HR(+)/HER2(+) and HR(−)/HER2(−) subtypes, BCL2 was only a significant prognosticator in stage III. In HR(−)/HER2(+) subtype, BCL2 was not a significant prognosticator in any stages ([Figure 4](#F4){ref-type="fig"}).

DISCUSSION
==========

We found that BCL2 was a strong prognostic factor in the HR(+)/HER2(−) subtype and luminal A and luminal B/HER2(−) subtypes. BCL2 had a marginal prognostic effect on the HR(+)/HER2(+) subtype and luminal B/HER2(+) subtypes. BCL2 was not a prognosticator in HR(−)/HER2(+) or HER2 subtype, or HR(−)/HER2(−) or TN subtype. We also found that the effect of BCL2 on molecular subtypes was more prominent in advanced stages and that BCL2 became a significant prognosticator in stage III for HR(+)/HER2(+) and HR(−)/HER2(−) subtypes as well as HR(+)/HER2(−) subtype, although it was still not a prognostic factor in HR(−)/HER2(+) subtype. BCL2 was not a prognostic factor in TNBC regardless of the expression of EGFR.

Although there have been rare previous reports on the prognostic role of BCL2 in molecular subtypes of breast cancer published to date, the results have been inconsistent and controversial. Dawson et al. \[[@B16]\] reported that BCL2 is an independent indicator of favorable prognosis for all types of early-stage breast cancer including TNBC. Although they reported that BCL2 was a favorable prognostic factor regardless of ER, PR, and HER2, BCL2 was not analyzed according to the combination of HR(+) and HER2(−). Seong et al. \[[@B24]\] reported that BCL2 expression was an independent, favorable prognostic factor only in breast cancer patients with the HR(+)/HER2(−) subtype and that BCL2 was not a significant prognostic factor in the other subtypes, including HR(+)/HER2(+), HR(−)/HER2(+), and HR(−)/HER2(−) subtypes.

In the present study, the prognostic influence of BCL2 in unselected breast cancer patients was largely consistent with that reported in previous studies \[[@B12][@B13][@B14][@B15][@B16][@B25][@B26]\], including our previous report \[[@B17]\]. BCL2 was a powerful favorable prognostic factor in terms of both OS and BCSS, and the BCL2-positive group showed more favorable clinicopathologic features than the BCL2-negative group in all subgroups, with the exception of nodal positivity alone. In subgroup analyses, BCL2 was a favorable prognosticator in all subgroups, with the exception of the negative lymphovascular invasion subgroup, and BCL2 was a significant prognostic factor in both univariate and multivariate analyses. As the HR(+)/HER2(−) subtype comprises 60.6% of all patients with breast cancer, excluding an unknown subtype, the strong prognostic effects of BCL2 in unselected breast cancer patients is supposed to be largely re-flected by that of the HR(+)/HER2(−) subtype even though BCL2 was found to have no prognostic effect in the HR(−)/HER2(+) subtype (10.3%) and the HR(−)/HER2(−) subtype (18.2%) in the present study. The favorable clinicopathologic features that were observed in unselected breast cancers were also found in the HR(+)/HER2(−) subtype only. As previously reported, favorable clinicopathologic features and strong correlation with HR were suggested as the causes of superior survival in patients with BCL2-positive breast cancer \[[@B17]\] and these factors could partly explain the causality between the expression of BCL2 and the prognoses in molecular subtypes in breast cancer.

The prognostic influence of BCL2 was more prominent with more advanced stage from stage I to stage III ([Figure 3](#F3){ref-type="fig"}). In stage I, BCL2 had no significant prognostic impact on any subtypes, even HR(+)/HER2(−) subtype. In stage II, BCL2 was a significant prognosticator only in HR(+)/HER2(−) subtype. In stage III, BCL2 became a significant prognosticator in all subtypes except for HR(−)/HER2(+) subtype. In HR(+)/HER2(−) subtype, prognostic effects of BCL2 were more prominent in stage III than stage II ([Figure 4](#F4){ref-type="fig"}). As mentioned above, the prognostic effect of BCL2 is presumed to be dependent on the expression of HR and HER2; BCL2 did not become a significant prognosticator even in stage III for HR(−)/HER2(+) subtype, although it did become a significant prognostic factor in stage III for HR(+)/HER2(+) and HR(−)/HER2(−) subtypes. In the earlier stages, as the prognostic impact of the stage itself might be stronger, the prognostic influence of BCL2 might be less prominent. With the same hypothesis, the prognostic role of BCL2 could be more prominent in the advanced stage for each molecular subtype.

In the present study, BCL2 was not a significant prognosticator in unselected TNBC in terms of OS ([Figure 1](#F1){ref-type="fig"}, [Supplementary Figure 1](#S4){ref-type="supplementary-material"}). However, it was a significant favorable prognostic factor in stage III TNBC in terms of OS ([Figure 4](#F4){ref-type="fig"}) and in unselected TNBC in terms of BCSS (data not shown). BCL2 was not a significant prognostic factor in EGFR(+) or EGFR(−) TNBC. Although the prognostic role of BCL2 in TNBC has been recently reported, the results have been highly inconsistent to date. Dawson et al. \[[@B16]\] reported that BCL2 is an independent favorable prognostic indicator for all types of early-stage breast cancer including TNBC. Abdel-Fatah et al. \[[@B27]\] reported that negative BCL2 expression was associated with increased risk of death and recurrence in TNBC. Bouchalova et al. \[[@B28]\] reported that although BCL2 was a significant prognostic factor in some studies, it was not a significant prognosticator overall in TNBC according to a meta-analysis \[[@B28]\]. Choi et al. \[[@B29]\] reported that although BCL2 expression was not associated with any clinicopathologic parameters and did not affect patient survival in TNBC, BCL2 expression showed a significant association with worse OS and disease free survival in the nonbasal (claudin-low; CK5/6-- and EGFR--) subgroup of TNBC \[[@B29]\]. Bouchalova et al. \[[@B30]\] reported that high BCL2 expression is a significant independent predictor of poor outcomes in TNBC patients treated with anthracycline-based adjuvant chemotherapy, and high EGFR protein expression is associated with poor BCSS in patients with TNBC treated with anthracycline-based chemotherapy, especially in basal-like (core; CK5/6+ and/or EGFR+) TNBC \[[@B30]\]. Further investigations will be required to elucidate the prognostic association between BCL2 and TNBC.

The present study showed the prognostic role of BCL2 in each molecular subtype and each stage of breast cancer in a relatively large group of subjects. Clinically, BCL2 could be considered one of the important prognosticators in HR(+)/HER2(−) subtype. In the advanced stage, the application of BCL2 as a prognosticator could be expanded to not only HR(+)/HER2(−), but also HR(+)/HER2(+) and HR(−)/HER2(−) subtypes. Nevertheless, this study has several limitations. First, as we could not collect sufficient information on adjuvant therapies including chemotherapy, endocrine therapy, trastuzumab therapy, and radiation therapy, we were unable to analyze their effects in the current study. Second, we could not analyze the impact of BCL2 on the subgroups of TNBC such as core type and claudin-low type because of limited data regarding CK5/6. Third, we were unable to analyze the influence of BCL2 according to the percentage or intensity of immunohistochemical staining for BCL2 because we could only collect final interpreted results regarding BCL2 immunohistochemistry. It is our hope that additional investigations could further clarify our results, and we expect that it will be possible to verify the mechanism of action by which BCL2 influences the prognosis of breast cancer in the near future.

In conclusion, the prognostic influence of BCL2 was different across molecular subtypes of breast cancer, and it was dependent on the expression of HR, HER2, and Ki-67, as well as stage. BCL2 had a strong prognostic impact in HR(+)/HER2(−) and luminal A and luminal B/HER2(−) subtypes, particularly in advanced stages, but it had no effect in HR(--)/HER2(+) or HER2 subtypes, even in advanced stages. BCL2 had an intermediate effect in HR(+)/HER2(+) and luminal B and HR(−)/HER2(−) or TN subtypes, and BCL2 was a significant prognostic factor for these subtypes only in stage III tumors. BCL2 had no prognostic impact in TNBC regardless of EGFR expression. Although favorable clinicopathologic features of the HR(+)/HER2(−) subtype could explain the majority of causality for the prognostic role of BCL2, further investigations are needed to verify the prognostic influence of BCL2 on molecular subtypes of breast cancer and to develop clinical applications of BCL2 for prognostication in each molecular subtype of breast cancer.
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###### Supplementary Table 1

Clinicopathologic characteristics according to BCL2 expression in all breast cancer patients

###### Supplementary Table 2

Subgroup survival analyses according to BCL2 expression in all breast cancer patients

###### Supplementary Table 3

Univariate analysis and multivariate analysis in terms of overall survival and breast cancer-specific survival

###### Supplementary Figure 1

Survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in all breast cancer patients. Survival curves in terms of overall survival (A) and breast cancer-specific survival (B).

###### Supplementary Figure 2

Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in each subtype regarding St. Gallen classification. Survival curves in luminal A (A), luminal B/HER2(−) (B), luminal B/HER2(+) (C), HER2 (D), triple negative (TN) (E), and unknown (F) subtypes. HER2=human epidermal growth factor receptor 2.

###### Supplementary Figure 3

Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) by the expression of epidermal growth factor receptor (EGFR) in triple negative subtype. Survival curves in in EGFR(+) (A) and EGFR(−) (B) subgroups.

![Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in each subtype regarding National Comprehensive Cancer Network classification. Survival curves in HR(+)/HER2(−) (A), HR(+)/HER2(+) (B), HR(−)/HER2(+) (C), and HR(−)/HER2(−) (D) subtypes.\
HR=hormonal receptor; HER2=human epidermal growth factor receptor 2.](jbc-20-54-g001){#F1}

![Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in the subgroups regarding the expression of HR, HER2, and Ki-67. Survival curves in HR(−) (A), HR(+) (B), HER2(+) (C), HER2(−) (D), Ki-67 \>14% (E), and Ki-67 ≤14% (F) subgroups.\
HR=hormonal receptor; HER2=human epidermal growth factor receptor 2.](jbc-20-54-g002){#F2}

![Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in each stage. Survival curves in stage I (A), stage II (B), stage III (C), and stage unknown (D) subgroups.](jbc-20-54-g003){#F3}

![Overall survival curves according to the expression of B-cell CLL/lymphoma 2 (BCL2) in each subtype classified by each stage. Survival curves for HR(+)/HER2(−) in stage I (A), stage II (B), stage III (C), for HR(+)/HER2(+) in stage I (D), stage II (E), stage III (F), for HR(−)/HER2(+) in stage I (G), stage II (H), stage III (I), and for HR(−)/HER2(−) in stage I (J), stage II (K), stage III (L) subgroups.\
HR=hormonal receptor; HER2=human epidermal growth factor receptor 2.](jbc-20-54-g004){#F4}

###### Clinicopathologic characteristics according to BCL2 expression in molecular subtypes of breast cancer by NCCN classification

![](jbc-20-54-i001)

  Characteristic            All No. (%)     HR(+)/HER2(−) (n=4,998)   HR(+)/HER2(+) (n=899)   HR(−)/HER2(+) (n=847)   HR(−)/HER2(−) (n = 1,501)                                                                                             
  ------------------------- --------------- ------------------------- ----------------------- ----------------------- --------------------------- ------------- ------------- ------------- ------------- ------- ------------ ------------ -------
  Total                     9,468 (100.0)   558 (11.2)                4,440 (88.8)                                    212 (23.6)                  687 (76.4)                  692 (81.7)    155 (18.3)            904 (60.2)   597 (39.8)   
  Age (yr)                                                                                    0.057                                                             0.983                                     0.136                             0.002
   ≤ 50                     5,368 (56.7)    309 (55.4)                2,642 (59.6)            129 (60.8)              418 (60.9)                  307 (44.4)    79 (51.0)     471 (52.2)    360 (60.3)                                      
   \> 50                    4,093 (43.3)    249 (44.6)                1,793 (40.4)            83 (39.2)               268 (39.1)                  385 (55.6)    76 (49.0)     432 (47.8)    237 (39.7)                                      
  Tumor size (cm)                                                                             \< 0.001                                                          0.733                                     0.339                             0.236
   ≤2                       4,805 (50.8)    227 (40.8)                2,521 (56.9)            99 (46.7)               342 (49.8)                  268 (38.8)    68 (43.9)     374 (41.4)    223 (37.4)                                      
   \>2                      4,352 (46.0)    318 (57.1)                1,804 (40.7)            105 (49.5)              320 (46.6)                  392 (56.7)    83 (53.5)     499 (55.2)    356 (59.6)                                      
  Nodal positivity                                                                            0.001                                                             0.735                                     0.661                             0.501
   Negative                 6,130 (64.8)    320 (57.3)                2,888 (65.1)            118 (55.7)              403 (58.7)                  425 (61.4)    97 (62.6)     632 (69.9)    420 (70.4)                                      
   Positive                 3,189 (33.7)    230 (41.2)                1,491 (33.6)            90 (42.5)               271 (39.4)                  256 (37.0)    57 (36.8)     264 (29.2)    168 (28.1)                                      
  Stage                                                                                       \< 0.001                                                          0.381                                     0.384                             0.386
   Stage I                  3,791 (40.0)    176 (31.5)                1,973 (44.4)            71 (33.5)               248 (36.1)                  201 (29.0)    53 (34.2)     315 (34.8)    188 (31.5)                                      
   Stage II, III            5,358 (56.6)    371 (66.5)                2,354 (53.0)            129 (60.8)              414 (60.3)                  465 (67.2)    98 (63.2)     557 (61.6)    385 (64.5)                                      
  HR                                                                                          \-                                                                \-                                        \-                                \-
   Negative                 2,601 (27.5)    0                         0                       0                       0                           692 (100.0)   155 (100.0)   904 (100.0)   597 (100.0)                                     
   Positive                 6,813 (72.0)    558 (100.0)               4,440 (100.0)           212 (100.0)             687 (100.0)                 0             0             0             0                                               
  Estrogen receptor                                                                           \< 0.001                                                          0.831                                     \-                                \-
   Negative                 3,115 (32.9)    59 (10.6)                 271 (6.1)               33 (15.6)               102 (14.8)                  692 (100.0)   155 (100.0)   904 (100.0)   597 (100.0)                                     
   Positive                 6,256 (66.1)    495 (88.7)                4,157 (93.6)            179 (84.4)              584 (85.0)                  0             0             0             0                                               
  Progesterone receptor                                                                       \< 0.001                                                          \< 0.001                                  \-                                \-
   Negative                 4,284 (45.2)    284 (50.9)                823 (18.5)              103 (48.6)              198 (28.8)                  692 (100.0)   155 (100.0)   904 (100.0)   597 (100.0)                                     
   Positive                 5,160 (54.5)    274 (49.1)                3,611 (81.3)            107 (50.5)              487 (70.9)                  0             0             0             0                                               
  HER2                                                                                        \-                                                                \-                                        \-                                \-
   Negative                 6,505 (68.7)    558 (100.0)               4,440 (100.0)           0                       0                           0             0             904 (100.0)   597 (100.0)                                     
   Positive                 1,750 (18.5)    0                         0                       212 (100.0)             687 (100.0)                 692 (100.0)   155 (100.0)   0             0                                               
  Histologic grade                                                                            \< 0.001                                                          0.419                                     0.011                             0.221
   1, 2                     4,717 (49.9)    313 (56.3)                2,908 (65.6)            97 (45.8)               290 (42.3)                  135 (19.6)    47 (30.3)     175 (19.4)    102 (17.1)                                      
   3                        3,919 (41.4)    209 (37.6)                1,127 (25.4)            101 (47.6)              333 (48.5)                  497 (72.0)    99 (63.9)     674 (74.6)    447 (74.9)                                      
  Lymphovascular invasion                                                                     \< 0.001                                                          0.090                                     0.082                             0.591
   Negative                 1,240 (13.1)    68 (12.3)                 660 (14.9)              24 (11.4)               49 (7.1)                    77 (11.2)     10 (6.5)      105 (11.6)    63 (10.6)                                       
   Positive                 2,667 (28.2)    221 (39.8)                1,238 (27.9)            66 (31.3)               201 (29.3)                  210 (30.4)    41 (26.5)     254 (28.1)    159 (26.6)                                      
  Ki-67 (%)                                                                                   \< 0.001                                                          0.713                                     0.173                             0.002
   ≤ 14                     7,827 (82.7)    467 (83.7)                4,067 (91.6)            173 (81.6)              564 (82.1)                  514 (74.3)    106 (68.4)    537 (59.4)    305 (51.1)                                      
   \> 14                    1,595 (16.8)    85 (15.2)                 353 (8.0)               39 (18.4)               121 (17.6)                  174 (25.1)    49 (31.6)     361 (39.9)    291 (48.7)                                      
  Operation                                                                                   \< 0.001                                                          0.764                                     0.878                             0.001
   BCS                      4,821 (50.9)    259 (46.4)                2,607 (58.8)            75 (35.5)               255 (37.1)                  218 (31.5)    52 (33.5)     442 (48.9)    350 (58.6)                                      
   TM                       4,559 (48.2)    296 (53.0)                1,780 (40.1)            135 (64.0)              426 (62.0)                  470 (67.9)    102 (65.8)    457 (50.6)    244 (40.9)                                      

BCL2=B-cell CLL/lymphoma 2; NCCN=National Comprehensive Cancer Network; HR=hormonal receptor; HER2=human epidermal growth factor receptor 2; BCS=breast-conserving surgery; TM=total mastectomy.

^\*^Chi-square test.

###### BCL2 expression for molecular subtypes according to NCCN classification and St. Gallen classifications

![](jbc-20-54-i002)

  Characteristic       All No. (%)     BCL2 expression   *p*-value^†^                         
  -------------------- --------------- ----------------- -------------- ---------- ---------- ----------
  Total                9,468 (100.0)   2,671 (28.2)      6,797 (71.8)              \< 0.001   \< 0.001
  NCCN                                                                  \< 0.001              
   HR(+)/HER2(−)       4,998 (52.8)    558 (11.2)        4,440 (88.8)   \< 0.001   \< 0.001   
   HR(+)/HER2(+)       899 (9.5)       212 (23.6)        687 (76.4)     0.046      0.002      
   HR(−)/HER2(+)       847 (8.9)       692 (81.7)        155 (18.3)     0.256      0.436      
   HR(−)/HER2(−)       1,501 (15.9)    904 (60.2)        597 (39.8)     0.104      \< 0.001   
   Unknown             1,223 (12.9)    305 (24.9)        918 (75.1)     \< 0.001   \< 0.001   
  St. Gallen                                                            \< 0.001              
   Luminal A           2,717 (28.7)    232 (8.5)         2,485 (91.5)   \< 0.001   \< 0.001   
   Luminal B/HER2(-)   1,762 (18.6)    273 (15.5)        1,489 (84.5)   \< 0.001   \< 0.001   
   Luminal B/HER2(+)   899 (9.5)       212 (23.6)        687 (76.4)     0.046      0.002      
   HER2                847 (8.9)       692 (81.7)        155 (18.3)     0.256      0.436      
   TN                  1,501 (15.9)    904 (60.2)        597 (39.8)     0.104      \< 0.001   
   Unknown             1,742 (18.4)    358 (20.6)        1,384 (79.4)   \< 0.001   \< 0.001   

BCL2=B-cell CLL/lymphoma 2; NCCN=National Comprehensive Cancer Network; OS=overall survival; BCSS=breast cancer-specific survival; HR=hormonal receptor; HER2=human epidermal growth factor receptor 2; TN=triple negative.

^\*^Chi-square test; ^†^Log-rank test.

[^1]: ^\*^These authors contributed equally to this work.
